Protein kinase C is a diacylglycerol, phosphlipid and calcium ion-dependent protein kinase, and is generally accepted as playing important roles in various celluar activities through transmembrane signaling (17) . Protein kinase C is also the cellular receptor for tumor-promoting phorbor-ester. This enzyme is known to be widely located in various tissues including brain tissues. The localization of this enzyme has been extensively examined by biochemical procedures and by histochemical techniques using cDNA probes: in situ hybridization and antibodies: immunohistochemistry.
Though protein kinase C was first reported as a signle enzyme, brain protein kinase C was further resolved into three fractions: type I, type II and type III upon chromatography of a hydroxyapatite column and genes coding them were analyzed (6, (8) (9) (10) (11) (12) (13) (14) (Fig. 2B) . The islets were negative for type I isozyme (data not shown). By serial sections the localization of pancreatic hormones and type III isozyme was compared. The cells positive for insulin (Fig. 2C) was also positive for protein kinase C (Fig. 2D) . The islet cells positive for glucagon or somatostain were negative for type III protein kinase C (data not shown). Light and electron microscopic localization of protein kinase C isozymes in retina.
The retina was positive for type II and III isozymes, but negative for type I isozyme. The staining intensity of the retina for type III isozyme was stronger than that for type II. The localization of type II isozyme was rather diffuse in the retina, with more intense staining in the ganglion cells, some bipolar cells, and outer segments of photoreceptor cells (data not shown). The localization of type III isozyme was restricted to two types of the bipolar cells: mop bipolar cells and the amacrine cells (Fig. 3A) .
By immuno-electron microscopy, the ultrastructure of the bipolar cells stained for type III isozyme could be visualized (Fig.3B) . The cell bodies, the dendrites making synapses with rod photoreceptor cells, the axon, and the nerve terminals making synapses with ganglion cells were densely stained.
In the cytoplasm, the localization of the reaction products were diffuse, but the cytoplasm near the inner surface of the cell membrane was more preferentially stained (Fig. 3B) . Electron microscopic localization of protein kinase C isozymes in the blood platelets Normal platelets were positive for type II and III isozymes. The colloidal gold particles indicating the localization of protein kinase C were located over the hyaluromere but not in the granulomere (Fig. 4A) . The number of gold particles for type II was more than that for type III isozyme (data not shown).
The change of the localization of type II protein kinase C during the course of the aggregation induced by the treatment with TPA, a phorbol ester. Colloidal gold particles were located along the cell membrane within 1 min after TPA treatment when the remarkable change in shape and the decrease of secretory granules were not yet visualized (Fig. 4B) . Light microscopic localization of protein kinase C isozymes in human cancer tissues.
Human glioma tumor tissues and cultured tumor cells were stained with antibodies for three isozymes. Both tissues and cultured cells were most intensely stained for type III isozyme, with some exceptional cells most intensely positive for type II isozyme. The localization of type III isozyme was confined to the cytoplasm of A 172 glioblastoma cells (Fig. 5) . The localization of type II protein kinase C was compared between normal human thyroid tissues and papillary cancer tissues. The localization was confined to the cytoplasm in both tissues (Fig. 6 ), but the staining intensity was distinctively stronger in cancer tissues than in normal tissues.
DISCUSSION
The antibodies:
MC-1a, MC-2a, and MC-3a, have been widely used for biochemical, pharmacological and molecular biological studies (2, 4, 6, 7, 11, [19] [20] [21] . The present studies showed the summarizing results of the localization of protein kinase C isozymes in various organs, and its pathological and physiological changes. Adding to the data presented in the results, the localization of protein kinase C isozymes could be reported using same antibodies in rabbit cerebrum, human central nervous tissues and human skin, and human leukemia cells (11, (14) (15) (16) 
